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The Distribution of Fires in Urban Areas*
Norio HASEGAWA**
Fires  in urban areas — introductory remark 
   Because of her physical settings, there are many kinds of natural disasters in 
Japan, such as disasters caused by volcanic activities and earthquakes, tsunami, 
typhoons, whirl winds, baiu (the rainy season), heavy snowfalls, land-slides, land-
creeps, landslips, floods, storm surge, earth subsidence and fires. Especially, in 
urban areas where population and houses are agglomerated and where cultural and 
industrial establishments are concentrated, the occurrence of a disaster will result 
in a great calamity. Above all, the fire is one of the great disasters. For instance, 
in 1960, 31,200 fires of buildings and 3,900 forest fires occurred, and the total of 
damages amounted to 23.94 billion yen, which contained 23.4 billion yen of the 
damages to buildings. 
   Generally speaking, the frequent occurrence of conflagration in Japan has 
close relation to the following  conditions  ; 
   1) Frequent appearance of abnormal weather throughout a year. 
   2) Topographical and climatic conditions which facilitates the spread of 
fires, such as the abnormally low humidity and strong wind at times of typhoons 
and foehn. 
   3) Most of Japanese houses are wooden and the density of houses is very 
high in urban areas. 
   4) In spite of the measures such as the appointment of "fire prevention 
districts" in city planning by law (1919), technical restriction on the standard of 
construction in built-up areas, the increase of fire-proof buildings, and the 
improvement of hydrant and other safe-guard against fires, the prevention of fires 
is still far from being satisfactory. 
   In fact, the frequency of outbreaks of great fires is considerably high, and 
what is worse, the measures of protection against fires are insufficient. Reflecting 
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this situation, many studies are carried on to establish measures for the 
prevention, and the results are published in the fields of architectonic engineering, 
civil engineering and city planning. 
   On the other hand, there are few geographical studies of fires in urban 
areas, probably because of the methodological impasses that block the way. 
Indeed, when one studies an area suffered from a fire, the affected district is 
usually restricted to so small an extent that it is plotted as a point on a map. 
   The geographical studies of fires in urban areas may be classified into three 
categories. 
   1) The studies on the relation between the distribution of the afflicted areas 
and such elements as topography, wind velocity, wind direction and humidity, 
treating with the cases in which extensive areas are destroyed by conflagration. 
   2) The studies on the renewal of urban centers and the changes of landscape 
after the destruction by World war II. 
   3) The studies on the distribution of the posibility of fires based on the 
frequency of occurrences, density of houses and other indices. 
   These studies are penetrated with the regional view-point on the one hand, 
and are interested in finding the preventives of fires on the basis of actual survey, on 
the other hand. As was mentioned above, we have a fairly good knowledge of the 
relation between fire and its conditions. However, as urban areas are complex in 
function and structure, we cannot fully understand differences in the nature of 
fires within urban areas, especially in the case of a great fire which effaces individual 
characters proper to a  certain' area within a city. Consequently, the extraction of 
the general relation between the distribution of fires of small scale and the areal 
structure of urban function is an important procedure, as well as the analysis of 
the features of urban destruction by great fires and its conditions as a whole. 
Probably, it will result in a commonplace conclusion that is already known to us as 
a common knowledge. However, it is fundamental to study fires in the relation 
to urban structure and to confirm the common conclusion concretely. 
   The number of fires in cities with the population of 100 thousand and over in-
creases in proportion to the population (Fig. 1), and apparently, it seems that 
the city  function') has no direct relation to the frequency of fires in the city. 
   Then, the author takes Morioka city as an example and discusses the areal 
relation between urban structure and fires. Then, the data of three cities, Aizu-
Wakamatsu, Hachinohe and Aomori, are used supplementarily. 
Fires and weather conditions 
   Table  1 shows the frequency of fires by season, by wind direction, by wind




1. City size and
 00 100 
number of fires
  (1000 persons) 
(1960)
177































































  -- 20% 
 21-- 30 
 31-.. 40 
 41-- 50 
 51— 60 
 61-- 70 














 1-- 2 
 2-- 3 
 3-- 4 
 4-- 5 
 5-- 6 
 6•- 7 
 7-• 8 















velocity and by humidity in Morioka city in 5 years from 1959 to 1963. 
   In the table, the  following four points may be  observed; 1) A fire breaks out a 
little oftener in spring and winter than in summer and autumn. 2) Fires occur more 
frequently on days with the wind from the south, followed by winds from the north, 
the west and the western southwest. 3) It happens often on days with the humidity 
of  60..-90%. 4) It occurs most often on days with  1-..4 meters of wind velocity. 
   Next, Table 2 shows the number of days in regard to the degrees of humidity 
and wind velocity in each month, and the number of days classified by wind direc-
tion. According to the table, the frequency of appearance of following elements 
is higher than average throughout a year. Such are 60% and over of humidity, 
of  0-4 meters of wind velocity and of wind from the south, the north and the 
southwest, respectively. Therefore, derived from the two tables, these  factors 
have no direct relation to the frequency of occurrence of fires. For example, 
there are relatively frequent fires in spring but the days of high humidity are 
also frequent in spring.
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   However, according to the records of past fires,they often occurred when there 
was a strong wind from westery direction. Therefore, it is an acceptable idea that 
the wind direction and wind velocity may be somewhat responsible to conflagration. 
That is  to say, there are regular trends of wind direction, wind velocity and humidity 
at times of the occurrence of conflagration in a region, and these conditions help 
the spread of fire from blaze to conflagration, whatever the cause of the fire.
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   The occurrence of fires by cause and by season is irregular  in number and 
in distributional pattern. 
Change in distribution of origin of fires 
   According to Fig. 2, the increasing trend of occurrence of fires in Morioka 
city keeps pace with the increase of population. This relation corresponds to the 
relation between the size of cities and the number of occurrence of fires, suggesting 
that there is a general tendency that the more the population increases, the more the 
number of fires in any area.
 1900 1920 1940 1960 
             Fig. 2. Population trends and number of fires. Moriokacity 
                    A. Population  B. Number of fires 
   However, the distribution of the origins of fires has changed in accordance with 
the expansion of built-up area. For instance, Fig. 3 shows the historical change 
of the distribution of origins of great fires in Morioka city. Since 713 A. D., there 
have been seven great fires (the cases in which 400 and over of houses were 
destroyed) in Morioka city. Especially those in 1723, 1778, 1865 and 1884 were 
responsible to the conflagration of 1,000 to 2,500 houses. In many cases the 
origins of great fires were in the merchants' areas along the main roads , to the 
north and to the east of the castle, since the feudal age. It is worthy of notice 
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Fig. 3. Distribution of great fires 
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Differentiation in function. Morioka in feudal age. 
Castle and retainers' residence (high-class) 
Retainers' residence (medium-class) 
Retainers' residence (low-class) 
Common peoples' residence (merchants, craftsmen, 
Religious
etc.)
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the distribution of great fires (with the destroyed houses of 20 and more or 10 mill-
ion yen and over of damages) in postwar days. The change was caused barically 
by the rapid urban growth of Morioka city. 
 Areal structure of Morioka city 
   Morioka city (pop. 158, 370 in 1961) is situated at the confluence of the Nakatsu 
river and the Shizukuishi river to the Kitakami river, and is the central city of 
Iwate Prefecture. It flourished as a castle town in the feudal age, and has been 
prosperous economically and politically since its incorporation as a city. The 
proportion by industry is shown in Table 3. Compared with the average of all 
cities in Japan and with the average of the cities with 50,000 and more population, 
Morioka city is characterized by low ratio of manufacturing industry and high 
ratio of groups belonging to the tertiary industries. That is to say , Morioka is a 
typical consumptive-city.
Table 3 Ratios of employed persons 15 years old and over by industry
Agriculture 
Forestry and  hunting 




Wholesale and retail trade 
Finance, insurance and real estate 
Transportation, communication and 
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   The built-up area has been expanded on the basis of areal structure in the 
feudal age. The castle area which meant the political area in the feudal age was 
converted into a park, the area of high-class retainers was changed into the govern-
ment district with agglomeration of the prefectural offices , the city  hall, the cort-
house, etc., the areas of merchants and craftsmen have been developed as commercial 
areas, and the areas of middle- and low-class retainers and their neighbouring areas 
became residential areas. The temple areas and the pattern of the main roads 
remained unchanged for a good while. In 1890, the railway station of the 
Tohoku line was established at the western part of the city , and the shopping area of
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           Fig. 5  Land-use in Morioka city 
              A: Urban center (commercial) C: Commercial 
            B:  If (governmental) D: Residential 
the northern part of the city shifted westward to the area between the station 
and the northern shopping streets, and at the same time the former shopping 
streets have declined by degree. Furthermore, Saien-district to the west of the 
old castle was changed from waste land and paddy fields to the new shopping center 
favourable of access to the station and the political center, and the former shopping 
streets to the north of the political area have declined conclusively. In 1954, 
the main street originated from the station passed through the reclaimed land 
from a pond of the park, and the new shopping street combined directly with the 
governmental area and the commercial area at the eastern part of the city. In 
this way, the central part of the built-up area is divided into government area, 
central shopping area and two former commercial areas. And around these areas 
ordinary commercial areas, the mixed areas of commerce and residence and 
residential areas are distributed. Thus, the change in the distribution of origins of 
fires has a close relation to the progress of the areal differentiation of urban func-
tion, shifting into newly developed areas. 
Distribution of frequency of fires and building-coverage 
   The distribution map of the frequency of occurrence of fires  is made on the 
method of "Isopleth" which shows the number of fires per unit area under a mesh 
of  200  x200 meters. In Morioka city, a very close relation between the frequency 
of fires and the building-coverage (density of buildings) is observed in the distribution
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Fig. 6. Origins of fires shown in frequency . Morioka city  (1959--1962) 
  A: 7 and over (per 40 ,000 m2) C:  4---3 
B:  6-..5 D:
maps for the periods 1959 to 1962. The newly formed central shopping area with 
high building-coverage has the highest frequency of fires, former shopping areas 
with medium building-coverage show the medium of the frequency , and in the 
governmental area and the residential areas with low building-coverage it shows 
low frequency of fires. 
   Hachinohe (pop. 185, 471 in 1963) is an industrial city at the estuary of the 
Mabechi river, and is consisted of the following three sections — Hachinohe , the 
commercial section of today, which was founded as a castle town in 1660; the 
industrial quarters of  Minato and  Konakano; and fishing and trade port of  Same.. 
The distribution of the frequency of fires from 1959 to 1963 is shown in Fig . 8. The
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           Fig. 7. Percentage of area covered with buildings. Morioka city 
            A: 80% and over B: 60% and under  80% 
             C: 50% and under 60% D: 30% and under 50%
             E: under 30% 
distribution of fires keeps a pattern corresponding to the form of the built-up area, 
and the highest frequency appears on the commercial center of Hachinohe-section, 
southwestern part of the city. And besides, it may be observed that three areas 
with comparatively high frequency of fires are located at the  central parts of 
respective sections. 
   Aomori city (pop. 215, 640 in 1961) municipalized in 1898 is a political center 
of Aomori Prefecture and a terminal point of transportation as a northern doorway 
of Honshu to Hokkaido. The built-up area is distributed along the coast from 
east to west, and the railways divide it into two parts to the east and to the west.
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Fig. 9.  Landuse in Hachinohe city 
A: Commercial B: Industrial 
 D: Residential  E: Parks and
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Origins of fires shown in  frequency. Aomori city 





 11. Landuse in Aomori city 
A: Commercial B: Commercial and residential, mixed 
C: Transportation (railway terminal and water front  facilities), fishing port , and 
   manufacturing (sea-food processings and lumber-mills) 
 D: Government buildings  E: Residential  F: Park
The highest frequency of fires appears at the commercial center near the Aomori 
station, and the secondarily high frequency is dispersively rather scattered in 
some areas. 
   Aizu-Wakamatsu city (pop. 100, 407 in 1962) originated from an old castle 
town is a central city of the Aizu basin. The city consists of the southern half of 
the old "retainers' area" and the northern half of the old "merchants' area" , and 
the former has developed as a residential area and the latter and the northern part 
of the former as commercial quarters. After the opening of the railways , a newly
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    Fig. 12. Origins of fires shown in frequency. Aizu-Wakamatsu city  (1959-1963) 
 (Legend: see Fig. 8) 
formed street combined the old built-up area with the railway station which was 
located north of the old built-up area. The frequency of fires is highest at the 
southern part of the commercial area, and secondarily high frequency appears to its 
west and south. 
   In the case of Aomori city, according to Hiroshi Yokoyama2), a  correspondence 
between the frequency of fires and the building-coverage is recognized in distribu-
tional pattern, and the author also finds out the relation in the cases of Hachinohe 
city and Aizu-Wakamatsu city. In the case of Morioka city, the distribution of 
the frequency of fires corresponds to the distribution of population density in 
addition to building-coverage, because population density is proportional to the 
building-coverage because here the residence is combined with workshops. This 
may be applicable to many cities of medium size. Consequently, deduced from the 
four cases, the relation that the frequency of fires corresponds in distribution to the 
building-coverage can be justified to a certain degree. 
Areal structure of urban function and fires 
   The spatial and functional development of urban area generally bears increased
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Fig. 13. 
   A:
 D:
 Population density of Morioka city  (persons/km2) 
30,000< B: 30,000-20,000 C:  20,000-10,000 
 10,000•-5,000 E: 5,000>
building-coverage, population density and tall buildings, and the land is used 
more intensively. Besides, it  promotes the areal differentiation of urban function. 
As briefly stated above, the frequency of fires closely correlates to the urban function 
of the area concerned. While, the correlation is complex and each city has the 
individual characters concerning the areal structure of urban function. A fire hap-
pens, by nature, through carelessness and accidents such as electric light fusing. 
Therefore, the frequency of fires may be high in the area where many houses and 
establishments with frequent use of fire and  heat are agglomerated. 
   The areal differentiation of urban function in Morioka, Aomori and Hachinohe 
 is shown in Fig. 5, 11 and 9, respectively. In Morioka city the highest 
frequency of fires appears at new shopping center, and in the former commercial 
areas the frequency is comparatively high, too. In these areas many shops of 
retail trade and services such as restaurants and bars, hotels, laundries and 
creaning service, and barber shops, beauty shops and public baths are agglomerated 
there. They use fire and heat as a means of daily necessity, so fires happen in the 
highest frequency in these areas. The trend is also seen in the other cities. The 
distribution of the shops using fire daily is dense at the commercial section near 
the station in Aomori city, and is dense at the commercial center in  Aizu-
Wakamatsu city. In Hachinohe city, at the commerical center of Hachinohe-sec-
The Distribution of Fires in Urban Areas 189
tion, at Shin-machi with manufacturing area of Konakano as its background and 
at a part of Same-section with fishing port and sea-food processing works, the 
density of retail and service shops is considerably high. Accordingly, it is not 
a mere coincidence that these areas with high building-coverage show high frequency 
of occurrence of fires. 
    On the other hand, at the government areas in Morioka and Aomori, in spite 
of their location in the central areas, the fires are very few, because there is relatively 
extensive open space, and many of governmental offices are fire-proof buildings. 
   However, according to the distribution maps of fires, it is found out that there 
are two or more areas with high frequency. Some of them are apparently the 
secondary commerical areas as already mentioned above, but the circumstances 
are different each other. In the case of Morioka city it is brought about by the new 
formation of commercial center and the areal differentiation of shopping streets in 
the development process. Aizu-Wakamatsu is a similar case. And in the case of 
Hachinohe, it originates from that in each section before amalgamation, and it still 
keeps a part of the urban function, in spite of the conurbation of the three sections. 
Aomori is an example that the old shopping center continues to exist in spite of a 
declining trend and the new shopping center formed after the destruction by the 
war. 
   Moreover, the distribution of special small scale industries has to do with the 
frequency of fires in urban area.  For instance, the industrial area of Hachinohe 
city is divided into three sub-areas in  nature3)  : 1) "chemical" and "iron and steel" 
industrial area neighboured to the industrial port, 2) manufacturing area of "bakery 
and confectionary products", "beverage industry" and "lumber and wood products" 
from Hachinohe-section to Minato, and 3) industrial area of "sea-food products" 
and "canned foods" as a hinterland of two fishing ports from Minato to Same. 
Among them, in the third industrial area, about 350 works of sea-food production 
are scattered on the lowland and marine terrace 20 meters high, and 250 works of 
them are on small scale with employees less than 10 persons. In addition to the 
conglomeration of these works in a small area, they are engaged in businesses 
with much use of fire. In this way, the industrial area tends to show high frequency 
of fires. Aomori city has the similar circumstance to Hachinohe. 
   Meanwhile, Aizu-Wakamatsu is famous with the production of  lacquer ware4), 
and the works participating in the production are 555 in number (47% of the total 
enterprises), in which 1,200 persons are engaged. Lacquer ware production is a typi-
cal traditional industry, and most of the workshops were originated in the feudal 
age. Therefore, they are still distributed in the old "craftsmen area" which 
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14. Distribution of  manufacturing factories. Hachinohe city 
A: Food and kindred products B: Lumber and wood products 
C: Primary metal industries D: Fabricated metal products and machinery 
E: Ship and boat building and repairing 
F: Other manufacturing industries  (chemicali industries, hydraulic cement, printing, 
 etc.  )
duction is specialized in four categories, and each part of processing  must rely upon 
the techniques by skilled manual labour owing to the difficulty of its mechanization. 
So, it is still in the stage of the domestic industry, and the scale of the workshops 
is so small that 90% of them are operated with three or less persons of unpaid family 
workers. It may be a cause for the high frequency of fires, that many workshops 
of lacquer ware production which uses fire for daily works are allowed to exist in 
a comparatively small area. 
   The lumber industry is also prosperous in Aizu-Wakamatsu city, with the beech 
wood rich in the Aizu basin in its background. They are operated in the western 
part of the city, and this area has relatively high frequency of fires. 
   Really, according to the case of Aizu-Wakamatsu city, the ratios of number 
of fires by retail shops, restaurants and bars, the works of lacquer ware produc-
tion and lumber-mills to total number of fires are  11%, 7%, 7% and 4% respectively , 
and they are high ratios next to the ratio of houses for company employees and 
officials.






15. Distribution of some selected kinds of shops and
    Aizu-Wakamatsu city. 
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retainers'  area."
Extent of damage and urban function
   Fig. 16 shows the distribution of the index of land value which means the 
fundamental assessment value of private land facing on each road for the purpose 
of taxation in Morioka city. Essentially, the intensity of landuse has a close rela-
tion to the land value5), and high land value accompanies with intensive landuse, 
which means the agglomeration of the urban function of higher degree in general. 
It is usual that in the central business district which is usually the shopping 
center in a Japanese city of medium size, land is used most intensively as seen in 
the figure and it is filled by the private concerns with small scale. Making this 
fact a step, the matter in hand is that the estimated value of the damages by fires 
is considerably large in the area with high urban function as shown in the case of
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 70  and over 
— 50 and under 70 
—  30  and  under  50 
—  20and under 30 
— 10 and under 20 
— under 10
             Fig. 16. Distribution of land value indexes. Morioka city. 
Morioka city (Fig.  17). That is to say, the central area with high urban function 
involves latent risk of frequent fires, and if a fire breaks out there is a danger 
that it would cause serious destruction. This is applicable to other cities. 
Summary and conclusion 
   To summarize the features mentioned in above chapters, the shopping center 
of retail and services in urban areas has the highest frequency of fires, and in 
political  centers and residential areas, it is low in general. But many cities have 
developed the secondary centers of commerce in the process of their urban growth, 
and fires often happen in such areas. Where there are many workshops of some 
special industries agglomerated in small area, the frequency of fires shows fairly 
high rate. In a word, the way of the appearance of the frequency of fires is
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Origins of fires and estimated damage in value. Morioka city
1,000,000 yen and over 
100,000 and under 300,000 
10,000 and under 50,000
B: 300,000 and under 1,000,000 
D: 50,000 and under 100,000 
F: under 10,000
 (1959-.4962)
closely related to the areal structure of urban function. At the same time, th 
extent of the damage by fires is also related to the urban structure. The  mm 
the land is used intensively, the harder the area suffers from fires. 
   The measure for the prevention of disasters such as city-planning and th 
programme for fire-fighting should be based on the actual circumstances of  arN
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structure of urban function, distribution of fires, distribution of the extent of 
damage by fires and other factors bearing the areal difference. 
   The author would like to discuss the cases of Sendai city and Akita city in 
another paper, and to examine the  subject again. 
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